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Abstract 
The design of a compact dual-band dual-port antenna 
system is presented. It operates in two frequency bands, 790-
862 MHz and 2500-2690 MHz, thereby making it suitable 
for Long Term Evolution (LTE) handheld devices. The 
proposed system is composed of two orthogonal inverted-F 
antennas (IFA) to perform diversity in mobile terminals. A 
good agreement is observed between simulated and 
experimental results. The high antenna diversity capability 
of the proposed system is highlighted with the calculation of 
envelope correlation coefficient, mean effective and 
diversity gains for different environment scenarii.   
 
1. Introduction 
The use of multiple antennas can improve reliability and 
increase the channel capacity [1]. However, for wireless 
mobile devices, the available space is limited. Therefore, 
compact antenna systems are required. Recently, a variety of 
compact antennas for MIMO (Multiple-Input Multiple-
Output) systems have been presented. An internal loop 
antenna with distributed feed which operates in LTE 700 
MHz and GSM 800 MHz bands is presented in [2]. In this 
solution the two operating bandwidths are close. A dual port 
ferrite antenna is presented in [3] which operates in LTE 700 
MHz but with low gain (-8 dBi). In [4], to achieve 
compactness, a PIFA is top loaded with a dielectric sheet. 
This solution covers the bands: 1710-1880 MHz, DCS 1800 
MHz, and 2.5-2.69 GHz. Significant research has been made 
on dual-port and multiband antennas. However, there are 
few solutions covering two bands which are separated by 
more than an octave such as LTE bands (790-862 MHz and 
2.5-2.69 GHz), with implementation of MIMO, for handheld 
devices. 
Thus, the objective of the work presented in this paper is 
to propose a compact antenna system for mobile devices 
that operates in the above mentioned bands. 
2. Antenna design 
The proposed structure is printed on FR4 substrate with 
εr=3.7, tan δ=0.019, and thickness of 0.7 mm (fig.1). The 
dimensions of the ground plane are L*L=70*70 mm2     
(λ01/5 * λ01/5) where λ01 is the free space wavelength of the 
lower band central frequency (f1=816 MHz). The structure 
is composed of two identical elements shaped IFA 
(Inverted-F Antenna) located orthogonally to each other. 
The longer monopole allows operation on the lower band. It 
is connected to the ground plane with a metallic via hole to 
improve impedance matching. Its dimensions are l1=60 mm 
(λ01/6), and h1=16 mm (λ01/22). The shorter L shaped 
monopole controls the higher band operation with 
dimensions of l2=7.6 mm (λ02/15) and h2=8.4 mm (λ02/13) 
where λ02 is the free space wavelength of the higher band 
central frequency (f2=2.6 GHz). The two monopoles are fed 
by two 50 Ohms SMA connectors (fig.1.b). 
 
 
(a) 
 
(b) 
 
Figure 1: Photography and dimensions of the realized 
structure: (a) top view, (b) Bottom view. 
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3. Experimental results and discussions 
The proposed structure has been simulated with the 
transient solver of CST Microwave Studio® and a 
prototype has been fabricated. Simulated and measured     
S-parameters are compared in Fig.2. A similar behavior 
between simulations and measurements is obtained. The 
structure operates in two bands (|S11| < -6 dB): the lower 
band is about 10% (777-862 MHz) and the higher one about 
8 % (2.49-2.70 GHz). The mutual coupling between the two 
ports is less than -6 dB in the lower band and -13 dB in the 
higher one. 
  
 
 
Figure 2: Simulated and measured S-parameters. 
 
 
Fig.3 compares the simulated and measured co-polar and 
cross-polar radiation patterns in the E plane (YZ plane) and 
H plane (XZ plane) respectively. Because both ports are 
symmetrical, we only present radiation patterns for port 1 at 
816 MHz and 2.6 GHz (port 2 being connected to a 50Ω). 
Polarization diversity is naturally achieved because of the 
orthogonal positions of both antennas. For both planes and 
both bands, it is found that the simulated and the measured 
radiation patterns are in good agreement.  
In the lower band, the measured cross-polar level is about 10 
dB lower than the co-polar level in the H plane but it 
increases in the E plane at 90° direction. This is due to the 
coupling with the second radiating element.  
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
   (a) 
 
 
 
                                                (b) 
 
 
 
 (c) 
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Figure 3: Simulated and measured radiation patterns: (a) in 
the E plane at 816 MHz, (b) in the H plane at 816 MHz, (c) 
in the E plane at 2.6 GHz, (d) in the H plane at 2.6 GHz. 
 
To further investigate the diversity, the simulated radiation 
patterns of each antenna in the XY plane for the two bands 
are plotted in Fig.4 (one port is excited while the other one is 
loaded by 50 ohms). Thanks to a good agreement observed 
in Fig.3 between simulations and measurement, only 
simulations results are presented. As it can be observed for 
the lower band, quasi-orthogonality between the patterns is 
achieved. The maximum realized gain is about 1 dB at 0° for 
the port 1 and 1 dB at -90° for the port 2. The realized gain, 
by definition, takes into account the reflection coefficient at 
each port.  
For the higher band, the maximum realized gain is 3.5 dB. 
At 2.6 GHz, even if patterns are not orthogonal, the two 
monopoles present minimum and maximum gain in different 
directions. This is well-suited to provide high diversity 
capabilities.  
 
 
 
 
(a) 
 
 
 
(b) 
 
Figure 4: Realized total gain (dB) in the XY plane for the 
two bands: (a) at 816 MHz (b) at 2.6 GHz. 
 
4. Evaluation of the diversity performance  
In this section, we propose to evaluate the diversity 
performance of the proposed antenna by calculating the 
envelope correlation coefficient, the mean effective gain 
and the diversity gain while taking into account the 
propagation environment. 
The envelope correlation coefficient ρe quantifies the 
similarity between the radiation patterns of the two 
monopoles. The lower the correlation, the better the 
diversity performance. Vaughan shows in [5] that this 
coefficient can be expressed by (1) using the complex 
electric field radiated by each antenna. 
                                                                                            (1) 
 
ρ  E1θE2θ
*l
Ω pθXPD E1φE2φ* pφdΩ
2
 E1θE1θ* pθXPD E1φE1φ* pφdΩlΩ  E2θE2θ* pθXPD E2φE2φ* pφdΩlΩ
 
 
E1θ (Ω), E1φ (Ω), E2θ (Ω), E2φ (Ω) are complex electric fields 
along θ and φ radiated by the antenna fed by two different 
ports. The solid angle Ω is defined by θ [0: pi] in elevation 
and φ [0:2pi] in azimuth. pθ(Ω) and pφ(Ω) are the Angle-of-
Arrival (AoA) distributions of incoming waves. The 
parameter XPD is the cross-polarization discrimination of 
the incident field and is defined as XPD= Sφ/Sθ (where Sφ 
and Sθ represent the average power along the spherical 
coordinates φ and θ). The environment depends strongly on 
the arrival angles distribution and on XPD. The most 
common distributions proven by measurements are 
Gaussian and Laplacian distributions [6]. Thus, we consider 
different distributions in elevation, while in azimuth plane 
the distribution will be uniform, as demonstrated by the two 
main measurement campaigns in the literature [6], [8]. In 
order to obtain more realistic results, different environments 
are considered. Each environment is characterized by 
typical values of XPD, mean angle of incident wave 
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distribution (θi) and standard deviation of wave distribution 
(σ). These values were deduced from several measurements 
[6], [7], [8] for different environments: isotropic, indoor, 
and outdoor. The isotropic environment is defined by 
XPD=0 dB, pθ(Ω)=pφ(Ω)=1, the indoor environment by 
XPD=1 dB, θi= 20°, σ =30° and the outdoor environment by 
XPD=5 dB, θi= 10°, σ =15°. 
 
The envelope correlation coefficient of the proposed 
structure has been calculated from simulated radiation 
patterns. Results are given in Fig.5.  
For the lower band, the correlation coefficient is higher at 
extremities than at the center of the band, for all 
environments (see Fig. 5a). Note that correlation takes into 
account the radiation, matching and isolation level at each 
frequency. According to S-parameters levels, the correlation 
is more or less higher. Since lS11l variation over the whole 
band is more significant (from -6 dB to -20 dB) than lS21l 
variation (from -6 to -8 dB), ρe variation depends mainly on 
lS11l variation. Thus, the lower lS11l is, the lower ρe is.  
For the higher band, the maximum value is below 0.08 
which is less than in the lower band, thanks to a better 
isolation     (<-13 dB). However, the ρe levels remain below 
0.16 for the two bands which largely satisfies the condition 
(ρe<0.5) to provide high diversity capabilities [5].  
 
In the following part, we evaluate the Mean Effective Gain 
(MEG) which was introduced by Taga [9]. It is defined as 
the ratio between the mean received power of antennas over 
the random route and the total mean incident power. When 
each monopole receives the same quantity of power, the 
MEG ratio of the two monopoles is equal to one, which 
means that no performance deterioration is expected due to 
some power imbalance [10]. The mathematical expression 
is given by the equation (2):  
                                                                                            (2) 
MEG    XPDXPD1
π
0
2π
0
 Gθ pθ 1XPD1 Gφ pφdΩ 
 
Where Gθ and Gφ are the θ and φ components of the antenna 
power gain pattern respectively. 
The calculated mean effective gains of the monopoles from 
simulated radiation patterns in the two bands are presented 
in Table I. It can be seen that the ratio of MEG1, determined 
at port 1, over MEG2, determined at port 2, is almost equal 
to 1, which satisfied equal contribution of the two 
monopoles to receive the same quantity of power. This is 
due to the fact that the proposed structure is completely 
symmetric and that the Gaussian and Laplacian angular 
distributions are taken only along the elevation as presented 
in [6]. 
Finally, the efficiency of the diversity is usually presented 
in terms of diversity gain (DG). It can be defined as the 
difference between the signal-to-noise ratio (SNR) of the 
combined signals and the SNR of a single antenna. In 
theory, the maximum gain estimated for diversity of two 
antennas is 10.2 dB [11].  It can be seen in Table 1 that 
calculated DG is about 10 dB across the whole desired 
bands, which is very satisfactory.  
From the results shown in Fig.5 and Table 1, it is found that 
the received signals satisfy the conditions ρe < 0.5, 
MEG1/MEG2≈1 and allows a diversity gain of 10 dB. These 
values fit the diversity requirements of MIMO systems. 
 
(a) 
 
(b) 
 
Figure 5: Envelope correlation for different environments of 
the proposed structure: (a) in the lower band (b) in the 
higher band. 
 
Table 1: Diversity performances of the proposed antenna. 
 
  
MEG1/MEG2 
Diversity 
gain     
 (dB) 
816   
MHz 
2.6  
GHz 
      816   
   MHz 
2.6 
GHz 
Isotropic 
 -4.33/-4.35 -4.93/-4.91  9.9 9.9 
 
Indoor 
Gaussian 
 
-5.03/-5.05 -5.17/-5.15  9.9 10 
 
Outdoor 
Gaussian 
 
-7.63/-7.64 -7.18/-7.15  9.9 9.9 
 
Indoor 
Laplacian 
 
-5.04/-5.05 -5.17/-5.15  9.9 10 
 
Outdoor
Laplacian 
 
-7.63/-7.64 -7.18/-7.15  9.9 9.9 
 
    
56 
 
5. Conclusions 
In this paper, a compact dual-band dual-port system for 
handheld devices has been proposed. The radiation element 
has an advantage to be only 60*16 mm2 (λ01/6 *λ01/22), thus 
it can be easily implemented in mobile terminals. In 
addition, it covers two bands which are separated by more 
than an octave. The system provides good diversity 
capabilities thanks to a low correlation coefficient             
(ρe < 0.2), an equal amount of received power between the 
two radiating elements (MEG1/MEG21), and a diversity 
gain equal to 10 dB for different environments: isotropic, 
indoor and outdoor. Consequently, the presented design is 
suitable for MIMO communication applications. 
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